Increased yields of Sendai virus-induced human leukocyte interferon (IFN-ct) were obtained by lowering the incubation temperature from the initial 37 °C within 1 to 6 h after the addition of virus. Maximal stimulation was found when this was done 2 to 4 h after induction and when the lowered temperature was between 29 and 32 °C. Compared to cultures kept at 37 °C throughout, the resulting IFN-ct yields were enhanced by 2.5-to 3-fold. This was mainly due to prolonged synthesis of IFN-c~, which could be observed up to 20 h after induction, whereas in cultures kept at 37 °C the production of IFN-ct had practically ceased approx. 10 h after the addition of virus.
The kinetics of the production of the interferons (IFN)-ct and -fl by human blood cells, fibroblasts and lymphoblastoid cells, respectively, are rather similar (Tovell & Cantell, 1971; Havelt & Vil~ek, 1972; Berger et al., 1980) . Detectable levels of IFN are found about 1 h after induction with virus or polynucleotide. The synthetic activity reaches a maximum after 4 to 5 h (leukocytes and fibroblasts) or 10 to 12 h (lymphoblastoid cells) and then rapidly declines. A recent study, however, demonstrated that lowering the incubation temperature of lymphoblastoid cell cultures after virus induction by 8 to 10 °C resulted in prolonged production of IFN-ct and enhancement of final yields (Morser & Shuttleworth, 1981) . A similar low-temperature effect was found for the synthesis of IFN-fl by FS-4 fibroblasts and for that of IFN by rabbit cell cultures (Vil~ek & Havell, 1973; Kojima & Yoshida, 1974; Giard et al., 1982) . This prompted us to investigate whether a reduction of the incubation temperature during the production period of Sendai virus-induced leukocyte cultures could also significantly increase the production of IFN-ct.
Human blood mononuclear cells were isolated from pooled buffy coats by the procedure of Boyum 0976). The cells were washed twice with isotonic NaC1 solution and suspended at a' concentration of 5 x 106 cells/ml in minimal essential medium with Earle's salts, containing tricine (3 mg/ml), NaHCO3 (0.21 mg/ml), streptomycin, neomycin (10 ~tg/ml each) and IgGdepleted human plasma protein (1.2 mg/ml). In general, the suspension volume per culture was 100 ml. The culture vessels were 500 ml Erlenmeyer flasks. Incubation was carried out with shaking in a water-bath. The cells were primed with human leukocyte IFN-ct (100 units/ml) for 1 h, then induced with Sendai virus, Cantell strain (100 haemagglutination units/ml), and incubated for another 16 to 20 h. The different incubation temperatures and temperature shifts applied in the experiments included control cultures that were kept at 37 °C throughout the incubation period. To determine the rate of IFN synthesis (units per ml per h) at a given time, the ceils from 10 ml cultures were isolated by centrifugation (7 rain, 100 g). The supernatant was assayed to estimate the cumulative yield of IFN. The cells were washed with isotonic NaCl solution, resuspended in fresh medium and incubated for 1 h at the respective temperature. The amount of IFN released over this 1 h period was measured. IFN-ct was assayed by its inhibition of viral cytopathic effect according to Rubinstein et al. (1981) . The cell line used was WISH (human amnion). The challenge virus was vesicular stomatitis virus, Indiana serotype. The laboratory standard of IFN-~ was calibrated against the reference standard G-023-901-527 purchased from the NIH, Bethesda (U.S.A.), and IFN titres are given in international units. Fig. 1 shows how the resulting IFN levels were influenced when the incubation temperature was reduced from the initial 37 °C 0 to 8 h after viral induction. Depending on the second incubation temperature and on the time of the temperature change, the final yields of IFN were distinctly increased. This was the case even when the temperature was reduced to 26 °C. We always found that maximal titres were achieved when the incubation temperature was lowered between 2 and 4 h after the addition of Sendai virus. The stimulatory effect disappeared when the cultures were kept at 37 °C for more than 6 h. Fig. 2 indicates that the temperature of the second incubation was not very critical. It was not possible to determine a distinct optimal temperature that gave the highest increase of IFN-~ synthesis: between 29 and 33 °C, the enhancement factor was in the range of 2.5-to 3-fold compared to incubation at 37 °C throughout.
In the following experiments we examined how a reduction of the incubation temperature after 3 h at 37 °C influenced the kinetics of IFN-~ synthesis. In all cases observed, the maximum of the synthetic activity was reached later than at 37 °C. In the optimal temperature range (32 to 34 °C) the maximal synthesis rates were approx, twofold higher than those of the 37 °C controls. Short communication Compared to the rapid shut-off at 37 °C, the synthesis of IFN-ct declined rather slowly in cultures with lowered incubation temperatures: at 37 °C the synthesis rate had dropped to 10~o of its maximum approx. 10 h after the addition of virus whereas this 10~o level was reached as late as 18 to 20 h when the incubation temperature had been lowered to 32 °C (Fig. 3) .
Similar results were also found in other cell culture systems. IFN-fl production by FS-4 fibroblasts was enhanced and continued for a longer time when the cells were incubated at 30 to 34 °C instead of 37 °C during the production period (Vil~ek & Havell, 1973; Giard et al., 1982) . This was explained by stabilization of IFN mRNA at the reduced temperature which resulted in prolonged translation. According to Kojima & Yoshida (1974) , enhanced IFN production by rabbit cell cultures at 25 °C was due to inhibition of the synthesis of (a) repressor protein(s) at this temperature. Morser & Shuttleworth (1981) found that by low-temperature treatment of Namalwa cells, the amount of IFN-ct mRNA attached to polysomes was increased approx. twofold whereas the overall protein synthesis rate was depressed to 40 ~ compared to controls at 37 °C. From this it was concluded that the translatability of mRNAs including that for IFN-~ was not improved by lowering the temperature. The IFN production by Namalwa cells was enhanced because more IFN-ct mRNA was translated for a longer time.
Our own data suggest that these reasons may also contribute to the enhancement of IFN-ct synthesis after reduction of the incubation temperature of leukocyte cultures. Obviously, the overproduction was not due to improved translatability of IFN-c~ mRNA because in the first hours after transfer to lower temperatures the synthesis rates were depressed. The fact that the maximal synthesis rates at 32 to 34 °C were approx. 50~o higher than those of the 37 °C controls can be explained simply by an increase in the amount of polysome-bound IFN mRNA. This does not explain the considerable prolongation of the production period caused by the temperature shift. It could be due to cessation of degradation of IFN-ct mRNA at the reduced temperature but also to inhibition of a more complex separate repression process leading to the shut-off of IFN synthesis (Tan & Berthold, 1977; Berger et al., 1980) . Further experiments will be necessary to clarify this question.
